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(57) ABSTRACT

The present invention performs special heat treatment on a
polymer film in a temperature range from (i) a lower limit to
temperature rise being equal to or higher than a starting tem-
perature of thermal decomposition of the polymer film, i.e.,
which is a temperature observed at an early stage of the
thermal decomposition of the polymer film, to (ii) an upper
limit to temperature rise being equal to or lower than an
intermediate temperature of thermal decomposition of the
polymer film. This reduces foaming in the film during graphi-
tization treatment following the special heat treatment. Thus,
even with a higher heating rate for graphitization, it is pos-
sible to produce a graphite film having good quality.

8 Claims, 5 Drawing Sheets
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1
PROCESS FOR PRODUCING GRAPHITE
FILM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Divisional of co-pending application
Ser. No. 14/007,786 filed on Sep. 26, 2013, which is a
National Phase of PCT International Application No. PCT/
JP2012/057757 filed on Mar. 26, 2012, which claims priority
under 35 U.S.C. §119(a) to Patent Application No. 2011-
071010 filed in Japan on Mar. 28, 2011. All of the above
applications are hereby expressly incorporated by reference
into the present application.

TECHNICAL FIELD

The present invention relates to a process (method) for
producing a graphite film.

BACKGROUND ART

Polymer-baking types of graphite films have excellent
heat-dissipating properties, and as such, are used as heat
dissipation components for dissipating heat from compo-
nents that generate heat, e.g., for semiconductor elements that
are mounted in various electronic or electric apparatuses such
as computers. A conventional method for producing a graph-
ite film has included a carbonization step for pre-baking a
polymer film at temperatures up to approximately 1000° C.
and a graphitization step for heat-treating, at temperatures up
to approximately 2700° C., the carbonized film given by the
carbonization step. For example, Patent Literature 1 discloses
a method for producing a thick graphite film by using a
125-um polyimide film as a raw material. Patent Literature 1
discloses that a graphite film having an even, flat surface is
produced by performing carbonization at temperatures up to
1000° C. at a heating rate of 5° C./min and performing graphi-
tization at temperatures up to 2800° C. at a heating rate of 1°
C./min.

Incidentally, Patent Literature 2 discloses a method for
producing a graphite film by using a 75-um polyimide film as
a raw material. Patent Literature 2 discloses that a graphite
film is produced by performing carbonization at temperatures
up to 1600° C. at a heating rate of 1° C./min, 5° C./min, or 20°
C./min and performing graphitization at temperatures up to
2700° C. at a heating rate of 3° C./min.

CITATION LIST
Patent Literatures

Patent Literature 1

Japanese Patent Application Publication, Tokukai, No.
2008-024571 A (Publication Date: Feb. 7, 2008)

Patent Literature 2

Japanese Patent Application Publication, Tokukai, No.
2000-178016 A (Publication Date: Jun. 27, 2000)

SUMMARY OF INVENTION
Technical Problem

However, according to the methods of Patent Literatures 1
and 2, it is difficult to reduce peeling or wrinkling on a surface
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2

of the graphite film. The present invention has an object to
produce a graphite film having less peeling or wrinkling on its
surface.

Solution to Problem

That is, the method of the present invention for producing
a graphite film relates to a method for producing a graphite
film by heat-treating a polymer film, including: a film modi-
fication step for heat-treating a polymer film at a heating rate
of' 5° C./min or more in a temperature range from (i) a lower
limit to temperature rise being equal to or higher than a
starting temperature of thermal decomposition of the polymer
film to (ii) an upper limit to temperature rise being equal to or
lower than an intermediate temperature of thermal decompo-
sition of the polymer film; and thereafter heat-treating the
polymer film at a temperature of 2000° C. or higher.

Advantageous Effects of Invention

According to the method of the present invention for pro-
ducing a graphite film, it is possible to reduce peeling and
wrinkling on a surface of the graphite film.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows photographs showing a bump and peeling
from a surface, respectively, each of which was caused by
excessive foaming.

FIG. 2 is a schematic view showing a graph of a tempera-
ture gradient and a heat treatment apparatus, etc. for control-
ling a heating rate and a cooling rate during a film modifica-
tion step performed in a continuous process.

FIG. 3 is a perspective view of a heat treatment apparatus,
etc. used for a film modification step performed in a continu-
ous long film producing process.

FIG. 4 is a cross-sectional view showing an example of a
heat treatment apparatus, etc. used for a method of applying a
load to a film in its thickness direction during a film modifi-
cation step.

FIG. 5 is a photograph showing wrinkles of a graphite film.

FIG. 6 is a photograph showing wrinkles which were cre-
ated on a polymer film as a result of heat treatment performed
until a decomposition reaction of the polymer film was com-
pleted.

FIG. 7 is a schematic view showing a method for setting a
polymer film.

DESCRIPTION OF EMBODIMENTS

The present invention relates to a method for producing a
graphite film, including: a film modification step for perform-
ing heat treatment at a heating rate of 5° C./min or more in a
temperature range from (i) a lower limit to temperature rise
being equal to or higher than a starting temperature of thermal
decomposition of the polymer film to (ii) an upper limit to
temperature rise being equal to or lower than an intermediate
temperature of thermal decomposition of the polymer film;
and thereafter performing heat treatment at a temperature of
2000° C. or higher.

The above method means a method for producing a graph-
ite film by heat-treating a polymer film, including: a film
modification step for performing heat treatment at a heating
rate of 5° C./min or more in a temperature range from (i) a
lower limit to temperature rise being equal to or higher than a
starting temperature of thermal decomposition of the polymer
film to (ii) an upper limit to temperature rise being equal to or
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lower than an intermediate temperature of thermal decompo-
sition of the polymer film; and thereafter performing heat
treatment at a temperature of 2000° C. or higher.

Conventionally, in order to produce a graphite film having
an even surface and good quality, a heating rate during graphi-
tization must be decreased. This, however, results in quite
poor productivity.

In a case where a particularly thick polymer film is used as
a raw material, a resulting graphite film has defects such as
peeling and/or a bump on its surface. According to the present
invention, special heat treatment (herein, also referred to as
“film modification step”) is additionally performed within a
particular temperature range at an early stage of decomposi-
tion of a polymer film. This makes it possible to reduce
foaming occurred in a carbonized film during a graphitization
process, which follows the above-described special heat
treatment. As a result, even with a higher heating rate during
graphitization, it is possible to produce a graphite film having
good quality.

A mechanism how the film modification step brings about
its effects is as follows. In the film modification step, a heat
history of a thermal change(s) is rapidly given to a polymer
film at an early stage of decomposition of the polymer film,
thereby making it possible to disorder orientation of a
molecular chain of the polymer. In the polymer film whose
molecular chain orientation has been thus disordered, a
graphite layer is difficult to develop to a high temperature
range during graphitization, and thereby internal gas which is
generated during the graphitization can be discharged
smoothly. This reduces foaming in a carbonized film, with the
result that a graphite film having an even surface can be easily
produced. Namely, a target object to be heat-treated in the
film modification step is a polymer film or a carbonized film
(in the film modification step, a polymer film or a carbonized
film is heat-treated). Note that the term “carbonized film” of
the present invention encompasses a polymer film whose
weight has started to decrease (or whose weight has
decreased) due to heating.

Further, the present invention can include, following the
film modification step, performing cooling at a cooling rate of
10° C./min or more in a temperature range from (i) the upper
limit to temperature rise to (ii) a temperature being equal to or
lower than the starting temperature of thermal decomposition
of the polymer film. In such the case, the polymer film is
cooled with the orientation of the molecular chain of the
polymer disordered, with the result that foaming is further
reduced therein. This makes it easier to produce a film having
an even surface. That is, according to the present invention,
the film modification step is performed at an early stage of a
decomposition reaction of a polymer film, thereby modifying
the polymer film into a raw material which is easy to be
transformed into a graphite film having good quality.

<Temperature at which Film Modification Step is Per-
formed>

The film modification step of the present invention is per-
formed in a temperature range from (i) a lower limit to tem-
perature rise being equal to or higher than a starting tempera-
ture of thermal decomposition of a polymer film to (ii) an
upper limit to temperature rise being equal to or lower than an
intermediate temperature of thermal decomposition of the
polymer film.

Heat-treating the polymer film at a temperature higher than
the starting temperature of thermal decomposition of the
polymer film makes it possible to disorder the orientation of
the molecular chain. Further, heat-treating the polymer film at
a temperature lower than the intermediate temperature of the
thermal decomposition does not disorder the molecular chain
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too much, so as not to hinder progress of graphitization. The
starting temperature of thermal decomposition of the polymer
film, the intermediate temperature of the thermal decompo-
sition, the lower limit to temperature rise, and the upper limit
to temperature rise are actual temperatures of the polymer
film itself being heat-treated. The actual temperature of the
polymer film itself can be measured by using a 0.5 mm
diameter sheathed K thermocouple brought into contact with
the polymer film.

Note that the heat-treating is not particularly limited as to
heat treatment conditions regarding a temperature below the
starting temperature of thermal decomposition of the polymer
film, and regarding a temperature below the lower limit to
temperature rise. Also, if once the film modification step is
performed, the heat-treating is not particularly limited as to
heat treatment conditions regarding a temperature higher than
the upper limit to temperature rise, and regarding a tempera-
ture higher than the intermediate temperature of the thermal
decomposition. The term “starting temperature of thermal
decomposition of a polymer film” here is defined as a tem-
perature at which the polymer film loses 1.0% of its initial
weight as aresult of heat treatment performed at a heating rate
of 10° C./min.

Specifically, the term “starting temperature of thermal
decomposition of a polymer film” is defined as a temperature
at which a 10 mg sample of the polymer film loses 1.0% of its
weight as aresult of heat treatment performed at a heating rate
ot 10° C./min from a room temperature (23° C.) to 1000° C.
in a flowing nitrogen atmosphere (200 ml/min) by using a
thermal analysis system EXSTAR6000 and a thermogravi-
metric apparatus TG/DTA 220U (both manufactured by SII
Nanotechnology Inc.).

In a case of polyimide films (APICAL AH, available from
Kaneka Corporation in a thickness of 75 pm; APICAL NPI,
available from Kaneka Corporation in thicknesses of 75 um
and 125 pm), which were used in Examples of the present
invention, the starting temperature of thermal decomposition
of the polymer film is 500° C. This starting temperature of
thermal decomposition of the polymer film was measured as
defined above. The term “intermediate temperature of ther-
mal decomposition of a polymer film” is an upper limit to a
temperature allowing the film modification step. If the film
modification step is performed at a temperature above the
intermediate temperature of the thermal decomposition, the
molecular chain is disordered too much, which hinders
progress of graphitization.

As an example, in a case of a polymer film having a bire-
fringence of less than 0.13, the intermediate temperature of
thermal decomposition thereof is defined as a temperature at
which the polymer film loses 40.0% of its initial weight as a
result of heat treatment performed at a heating rate of 10°
C./min.

Specifically, the intermediate temperature of thermal
decomposition of such the polymer film is a temperature at
which a 10 mg sample of the polymer film loses 40.0% of its
weight as aresult of heat treatment performed at a heating rate
ot 10° C./min from a room temperature (23° C.) to 1000° C.
in a flowing nitrogen atmosphere (200 ml/min) by using a
thermal analysis system EXSTAR6000 and a thermogravi-
metric apparatus TG/DTA 220U (both manufactured by SII
Nanotechnology Inc.). In Examples of the present invention,
used as such the polymer film was Kaneka’s polyimide film
APICAL AH having a thickness of 75 pm and a birefringence
0f0.12.

In a case of a polymer film having a birefringence of 0.13
or more, the intermediate temperature of thermal decompo-
sition is defined as a temperature at which the polymer film
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loses 44.0% of its initial weight as a result of heat treatment
performed at a heating rate of 10° C./min. Specific measure-
ment conditions are the same as those of the polymer film
having a birefringence of less than 0.13. In Examples of the
present invention, used as such the polymer film was Kane-
ka’s polyimide film APICAL NPl having a thickness of 75 pm
and a birefringence of 0.14 or Kaneka’s polyimide film API-
CAL NPI having a thickness 0f 125 um and a birefringence of
0.14.

The intermediate temperature of thermal decomposition of
the present invention is preferably 900° C. or lower, more
preferably 800° C. or lower, further more preferably 700° C.
or lower, still more preferably 650° C. or lower, particularly
preferably 600° C. or lower. In the case where the intermedi-
ate temperature of thermal decomposition is 900° C. or lower,
the polymer film is not completely carbonized, and therefore
still maintains the nature of the polymer and is difficult to
crack. Further, in such the case, an amount that the polymer
film shrinks is small, with the result that the polymer film is
difficult to get wrinkles.

In the case of Kaneka’s polyimide film APICAL AH hav-
ing a birefringence of 0.12 and a thickness of 75 pum, which
was used in Examples of the present invention, the interme-
diate temperature of thermal decomposition is 750° C. This
intermediate temperature of thermal decomposition was mea-
sured as defined above. In the case of Kaneka’s polyimide
film APICAL NPI having a birefringence of 0.14 and a thick-
ness of 75 um or 125 pm, which was used in Examples of the
present invention, the intermediate temperature of thermal
decomposition is 800° C. This intermediate temperature of
thermal decomposition was measured as defined above.

<Heating Rate and Cooling Rate During Film Modification
Step>

According to the present invention, it is necessary to con-
trol, during the film modification step, the heating rate so that
it follows a particular condition. During the film modification
step of the present invention, the heating rate from the lower
limit to temperature rise to the upper limit to temperature rise
is preferably 5° C./min or more, more preferably 10° C./min
or more, further more preferably 50° C./min or more, particu-
larly preferably 100° C./min. Giving a heat history of a ther-
mal change(s) rapidly to a polymer film at a rate of 5° C./min
or more disorders its molecular chain, thereby making it
possible to modify the polymer film into a raw material which
is difficult to be foamed.

Further, according to the present invention, cooling can be
performed in the film modification step at a cooling rate
which follows a particular condition. During the film modi-
fication step of the present invention, the cooling rate from the
upper limit to temperature rise to the lower limit to tempera-
ture rise is preferably 10° C./min or more, more preferably
50° C./min or more, further more preferably 100° C./min or
more, particularly preferably 300° C./min. Cooling the poly-
mer film at a rate of 10° C./min or more quenches the molecu-
lar chain as disordered, so that the disordered state is main-
tained. This makes it possible to modify the polymer film into
a raw material which is more difficult to be foamed.

In the film modification step, if once the temperature
reaches the upper limit to temperature rise, cooling may be
started immediately after that or after the temperature is
maintained at the upper limit to temperature rise for a prede-
termined period of time.

In the present invention, heat treatment performed after
once the film modification step has been performed is not
particularly limited in terms of the heating rate and the cool-
ing rate.
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Note that the present invention does not inhibit performing
again temperature rise and/or cooling according to the con-
ditions for the film modification step, after once the film
modification step is performed.

<Weight Loss Rate and Decomposition Reaction of Poly-
mer Film During Film Modification Step>

As a result of heat-treating a polymer film, substances not
involving formation of a graphite skeleton, e.g., carbon, oxy-
gen, hydrogen, and/or nitrogen are sequentially discharged as
components of carbon dioxide gas, water, hydrogen gas,
nitrogen gas, and/or tar, as the temperature of the heat treat-
ment increases.

As the decomposition of the polymer film progresses, the
polymer film becomes blackened and vitrified. The term
“weight loss rate of a polymer film during the film modifica-
tion step” refers to the percentage of decrease in weight of the
film after the film modification step with respect to the initial
weight of the polymer film, which serves as the starting mate-
rial. The weight loss rate of the polymer film can be calculated
according to the formula shown below. The term “weight loss
rate of a polymer film during the film modification step”
means the percentage of decrease in weight of the polymer
film after the film modification step.

Weight loss rate(%)=[(Initial weight of polymer film—
Weight of polymer film immediately after film

modification step)/Initial weight of polymer
film]x100

The initial weight of the polymer film is the weight of the
polymer film as measured at 23° C. after the polymer film has
been allowed to stand in an atmosphere of constant 23° C. for
24 hours prior to heat treatment. The weight of the polymer
film immediately after the film modification step is the weight
as measured at 23° C. after the polymer film has been allowed
to stand in an atmosphere of constant 23° C. for 24 hours,
immediately after the film modification step.

<Birefringence>

The term “birefringence” means a difference between (i) a
refractive index of the film in any direction in a plane of the
film and (ii) a refractive index of the film in its thickness
direction, and can be rephrased as “double refractive index”.
In the present invention, there is no particular limitation on
the birefringence of the polymer film. Preferably used is a
polymer film having a birefringence 0of 0.08 or more. Carbon-
ization and graphitization of the polymer film having a bire-
fringence 0f'0.08 or more progress more easily, with the result
that a graphite film having a graphite layer developed is more
likely to be produced.

Depending on the birefringence, how easily foaming
occurs in the film after the graphitization changes. The larger
the birefringence becomes, more easily foaming occurs in the
film. In order to bring about the effects of the film modifica-
tion step of the present invention, the upper limit to tempera-
ture rise should be set higher so as to allow decomposition of
the polymer film to progress. Note that there is no particular
limitation on an upper limit to the birefringence. For example,
the upper limit to the birefringence may be 0.20 or less, or
0.18 or less.

In the case of the polymer film having a birefringence of
less than 0.13, e.g., Kaneka’s polyimide film APICAL AH
having a birefringence of 0.12 and a thickness of 75 pum,
which was used in Examples, the heat treatment during the
film modification step is as follows. An upper limit to tem-
perature rise within a temperature range which is suitable to
heat-treat such the polymer film at a heating rate of 5° C./min
or more during the film modification step is 520° C. or higher
but 700° C. or lower, preferably 555° C. or higher but 655° C.
or lower, further more preferably 580° C. or higher but 605°
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C. or lower. If the polymer film is heat-treated with the upper
limit to temperature rise set at 520° C. or higher, the effects of
the film modification step can be achieved. If the polymer film
is heat-treated with the upper limit to temperature rise set at
700° C. orlower, orientation of molecules of the polymer film
is not disordered too much during the film modification step,
with the result that the film achieves flexibility and improved
thermal diffusivity after graphitization. Further, in such the
case, the heat-treating the polymer film ends before the
decomposition reaction of the polymer film completes. As a
result, an amount that the film shrinks is small and therefore
the film is difficult to get wrinkles. Furthermore, the film still
maintains the nature of the polymer and has not been hard-
ened, and therefore the polymer film hardly cracks.

The lower limit to temperature rise for the film modifica-
tion step is lower than the upper limit to temperature rise, and
is preferably 550° C. or lower, more preferably 525° C. or
lower, particularly preferably 500° C. or lower. Heat-treating
the polymer film from the lower limit to temperature rise
which is set to be lower than the upper limit to temperature
rise and to be 550° C. or lower brings about the effects of the
film modification step.

Incidentally, a suitable temperature range within which the
polymer film is cooled at a cooling rate of 10° C./min or more
during the film modification step is from the upper limit to
temperature rise for the film modification step to a tempera-
ture which is lower than the upper limit to temperature rise,
preferably to 550° C. or lower, more preferably to 525° C. or
lower, further more preferably to 500° C. or lower. Cooling
the polymer film to 550° C. or lower brings about the effects
of the film modification step more strongly. Specifically, by
cooling the polymer film, the polymer is cooled with the
orientation of its molecular chain disordered. Thus, in a case
where the polymer film is cooled after the film modification
step, it is possible to produce a graphite film having reduced
foaming and an even surface more easily than in a case where
the polymer film is not cooled after the film modification step
which is performed under the same condition.

In the case of the polymer film having a birefringence of
less than 0.13, e.g., Kaneka’s polyimide film APICAL AH
having a birefringence of 0.12 and a thickness of 75 um,
which was used in Examples, the heat treatment is performed
so that its weight loss rate during the film modification step is
preferably 1.1% or more but 38.0% or less, more preferably
1.2% or more but 30.0% or less, further more preferably 2.8%
or more but 15.0% or less. Performing the heat treatment of
the polymer film so that its weight loss rate during the film
modification step is 1.1% or more suitably brings about the
effects of the film modification step. Performing the heat
treatment of the polymer film so that its weight loss rate
during the film modification step is 38.0% or less allows the
film after graphitization to achieve flexibility and improved
thermal diffusivity. Further, in such the case, the heat treat-
ment of the polymer film ends before the decomposition
reaction of the polymer film completes. As a result, an amount
that the film shrinks is small and therefore the film is difficult
to get wrinkles. Furthermore, the film still maintains the
nature of the polymer and has not been hardened, and there-
fore the polymer film hardly cracks. The above-described
“weight loss rate during the film modification step” means a
weight loss rate after the film modification step.

In the case of the polymer film having a birefringence of
0.13 or more, e.g., Kaneka’s polyimide film APICAL NPI
having a birefringence 0f0.14 and a thickness of 75 um or 125
um, which was used in Examples, the heat treatment during
the film modification step is as follows. An upper limit to
temperature rise within a temperature range which is suitable
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to heat-treat such the polymer film at a heating rate of 5°
C./min or more in the film modification step is 580° C. or
higher but 750° C. or lower, preferably 605° C. or higher but
730° C. or lower, further more preferably 630° C. or higher
but 700° C. or lower. If the polymer film is heat-treated with
the upper limit to temperature rise set at 580° C. or higher, the
effects of the film modification step can be achieved. If the
polymer film is heat-treated with the upper limit to tempera-
ture rise set at 750° C. or lower, the film still maintains the
nature of the polymer and has not been hardened, and there-
fore the polymer film hardly cracks. The lower limit to tem-
perature rise for the film modification step is preferably 550°
C. or lower, more preferably 525° C. or lower, further more
preferably 500° C. or lower. Starting the heat treatment of the
polymer film from a temperature of 550° C. or lower favor-
ably brings about the effects of the film modification step.

Incidentally, a suitable temperature range within which the
polymer film is cooled at a cooling rate of 10° C./min or more
during the film modification step is from the upper limit to
temperature rise for the film modification step to preferably
550° C. or lower, more preferably 525° C. or lower, further
more preferably 500° C. or lower. Cooling the polymer film to
550° C. or lower favorably brings about the effects of the film
modification step. The effects achieved by cooling the poly-
mer film are as described above.

In the case of the polymer film having a birefringence of
0.13 or more, e.g., Kaneka’s polyimide film APICAL NPI
having a birefringence 0£0.14 and a thickness of 75 um or 125
um, which was used in Examples, heat treatment of such the
polymer film is performed so that its weight loss rate during
the film modification step is preferably 4.0% or more but
42.5% or less, more preferably 20.0% or more but 40.0% or
less, further more preferably 30.0% or more but 37.5% or
less. Performing the heat treatment of the polyimide film so
that its weight loss rate during the film modification step is
4.0% or more favorably brings about the effects of the film
modification step. Further, in the case where the heat treat-
ment of the polyimide film is performed so that its weight loss
rate during the film modification step is 42.5% or less, the heat
treatment ends before the decomposition reaction of the poly-
mer film completes. As a result, an amount that the film
shrinks is small and therefore the film is difficult to get
wrinkles. Furthermore, in such the case, the film still main-
tains the nature of the polymer and has not been hardened, and
therefore the polymer film hardly cracks. The above-de-
scribed “weight loss rate during the film modification step”
means a weight loss rate after the film modification step.

<Graphite Film>

A graphite film can be produced by heat-treating a polymer
film serving as a raw material film. A possible example of a
polymer film suitable for production of a graphite film is at
least one type of polymer film selected from the group con-
sisting of a polyimide film, a polyamide film, a polyoxadia-
zole film, a polybenzothiazole film, a polybenzobisazole film,
apolybenzooxazole film, a polybenzobisoxazole film, a poly
(paraphenylene vinylene) film, a polybenzoimidazole film, a
polybenzobisimidazole film, and a polythiazole film.

Among those named above, the polyimide film is an espe-
cially favorable polymer film, because the polyimide film is
more likely to develop a layer structure of graphite through
carbonization and graphitization than any other polymer film
that is made from an organic material.

<Method for Producing Graphite Film Through Batch-
Wise Process>

Examples of a method for producing a graphite film from a
polymer film encompass a method including a carbonization
step, a graphitization step, and a pressurizing step, which are
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performed after the film modification step. In the carboniza-
tion step, a polymer film serving as a starting material is
carbonized by heat-treating the film either under reduced
pressure or in an inert gas. In the carbonization step, heat
treatment through a batch-wise process is performed usually
at a temperature of approximately 1000° C. That is, in the
carbonization step, a target object to be heat-treated is a
polymer film or a carbonized film (i.e., in the carbonization
step, a polymer film or a carbonized film is heat-treated). For
example, in the case of preliminary heat treatment performed
at a heating rate of 10° C./min from room temperature, it is
desirable that heat treatment be performed with the tempera-
ture kept in a temperature range of 1000° C. for approxi-
mately 30 minutes. At the stage of the preliminary heat treat-
ment, pressure may be applied to the polymer film in a
direction parallel to a surface of the film so that the film does
not lose its orientation. Note that the term “carbonized film”
in the present invention encompasses a film after the film
modification step.

The graphitization step, which follows the carbonization
step, is performed with the carbonized film set in an ultrahigh-
temperature furnace. That is, in the graphitization step, the
carbonized film serves as a target object to be heat-treated
(i.e., in the graphitization step, the carbonized film is heat-
treated).

The graphitization step is performed either under a reduced
pressure or in an inert gas. It is most appropriate to use argon
as the inert gas, and it is more preferable that a small amount
of helium be added to argon. In the graphitization step, heat
treatment is performed preferably at a temperature of 2400°
C. or higher, more preferably at a temperature of 2600° C. or
higher, further more preferably at a temperature of 2800° C.
or higher, particularly preferably at a temperature of 2900° C.
or higher. Note that the graphitization step may be performed
in succession following the carbonization step, or may alter-
natively be performed after cooling after the carbonization
step.

A graphite film obtained through the carbonization step
and the graphitization step is in a foamed state in which the
graphite layer has been uplifted by the generation of internal
gases such as N, and/or a filler (phosphoric acid filler), which
does not involve formation of a graphite skeleton. In the case
of a graphite film that is in a foamed state after the graphiti-
zation step, the flex resistance can be improved by performing
the pressurizing step, such as compression treatment or roll-
ing treatment.

<Bump and Peeling from Surface Caused by Excessive
Foaming>

If excessive foaming is caused in the graphite film during
the process of the graphitization, the film after the graphiti-
zation has an uneven surface. The excessive foaming may
cause a bump as shown by the reference sign 11 of FIG. 1,
and/or graphite flakes peeled off from the surface (hereinat-
ter, also referred to as peeling from the surface) as shown by
the reference sign 12 of FIG. 1. Those are likely to occur
particularly in a case where a thick raw material or a raw
material having a high birefringence is used. The bump and
the peeling from the surface occur in the following mecha-
nism: An inert gas is suddenly generated during the graphiti-
zation step, so that a graphite shell layer is expanded to be
destroyed.

<Atmosphere for Film Modification Step>

The film modification step of the present invention may be
performed in an inert gas (such as nitrogen or argon), an
oxygen atmosphere, vacuum, or an atmosphere under a
reduced pressure.
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<Method of Performing Film Modification Step>

A method of heat-treating the polymer film in the film
modification step is not particularly limited, and may be
performed in any way. Examples of this method encompass
(1) a method of heat-treating, through a batch-wise process, a
polymer film which is held in a heat treatment apparatus and
(ii) a continuous process of continuously feeding a polymer
film into a heat treatment apparatus and taking out the poly-
mer film therefrom.

In terms of productivity, the film modification step of the
present invention is preferably performed by the continuous
process. The continuous process is preferable also because it
is easy to control a heat history of a thermal change(s) given
to the polymer film. For example, according to the continuous
process, a polymer film is caused to pass through the heat
treatment apparatus which is controlled to have a constant
temperature. This makes it possible to give to the polymer
film an instantaneous heat history of'a thermal change(s) such
as a rapid temperature rise or rapid cooling, which is difficult
to be given by the batch-wise process.

Itis possible to control the heating rate and the cooling rate
in the continuous process by causing a film to pass through, at
a predetermined line speed, the heat treatment apparatus
which is spatially given a temperature gradient. For example,
the reference sign 25 of FIG. 2 shows a heat treatment appa-
ratus adjusted so that an entrance into the heat treatment
apparatus has a temperature of 455° C., a part of the heat
treatment apparatus which is away from the entrance by 50
cm has a maximum temperature of 555° C., and an exit from
the heat treatment apparatus which is away from the maxi-
mum temperature part by 10 cm has a temperature of 455° C.
As shown by the reference sign 25 of FIG. 2, a linear tem-
perature gradient is given to the inside of the heat treatment
apparatus. By setting the line speed at 50 cm/min, it is pos-
sible to adjust the heat treatment apparatus so that the heating
rate is 100° C./min and the cooling rate is 500° C./min, while
anactual temperature of the film is within a temperature range
from 455° C. to 555° C.

Examples of the method of performing the film modifica-
tion step though the continuous process encompass (i) a
method of causing a polymer film which is held in a container
to pass through the heating device (hereinafter, referred to as
“continuous process with a container”) and (ii) a method, as
shown in FIG. 3, of continuously feeding a long polymer film
into the heat treatment apparatus for continuous baking (here-
inafter, also referred to as “continuous long film producing
process”). The continuous long film producing process is
particularly preferable because, with this process, it is easy to
control a heat history of a thermal change(s) given to the film.

<Device for Controlling Tension>

In the film modification step, the above-described heat
treatment may be performed with a tension applied to the
polymer film in a MD direction (machine direction). In the
case where the film modification step is performed through
the continuous long film producing process of the present
invention, the polymer film may be heat-treated with a tension
applied to the polymer film by using tension adjustment
devices so mounted, for example, upstream and downstream
of the heat treatment apparatus as to adjust the tension of the
polymer film. Each of the tension adjustment devices is a
device for applying a tension to the polymer film, and can give
atension to the polymer film so as to control the tension of the
polymer film. Such an adjustment device for controlling ten-
sion is achieved, for example, through a method of applying
torque to a rotating shaft of such a winding machine as those
shown in FIG. 2.
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In the film modification step through the continuous long
film producing process of the present invention, a pulling
strength (tension) applied to the polymer film is 5 kgf/cm?® or
more but 500 kgf/cm? or less, preferably 10 kgf/em?® or more
but 300 kgf/cm? or less, more preferably 20 kgf/cm® or more
but 100 kgf/cm? or less. By performing the film modification
step with a pulling strength of 5 kgf/cm? or more, it is possible
to reduce the wrinkling of'the film which is caused by shrink-
age of the film through thermal composition. Further, by
performing the film modification step with a pulling strength
of 500 kgf/cm? or less, it is possible to prevent breakage of the
film which may occur due to an excess stress to the film.

Note that, even with a tension within the above preferable
range, changing the tension can cause the wrinkling of the
polymer film. In order to avoid this, it is desirable that, after
the tension is set at a desired value, the tension be maintained
at the value.

<Total Transmittance of Polymer Film after Film Modifi-
cation Step>

Itis preferable that a total transmittance of the polymer film
after the film modification step is reduced as compared with a
total transmittance of the polymer film before the film modi-
fication step. A method of measuring the total transmittance
of the polymer film after the film modification step will be
explained in the descriptions of Examples.

<Load Applied to Film in its Thickness Direction>

It is preferable that in the film modification step of the
present invention, a load be applied to the film in its thickness
direction in the heat treatment apparatus. An example of a
method for applying a load encompasses, but is not particu-
larly limited to, a method in which as shown in FIG. 4, a
polymer film moves along a hearth 41 with a weight 42 placed
on the polymer film. A lower limit to the load that is applied
to the film in its thickness direction is preferably 0.1 g/cm? or
more, more preferably 0.5 g/cm? or more, further more pref-
erably 1 g/cm® or more. An upper limit to the load given to the
film in its thickness direction is preferably 50 g/cm? or less,
more preferably 20 g/cm? or less, further more preferably 10
g/em? or less. With a load of 0.1 g/cm® or more, it is possible
to reduce the wrinkling of the film due to shrinkage of the film
through thermal decomposition. Further, with a load of 50
g/cm? or less, the film can be prevented from breaking under
excess tension.

<Line Speed>

A line speed for the film during the film modification step
of the present invention (hereinafter, also referred to as “line
speed”) means the speed at which the film is conveyed in the
film modification step. The line speed is 10 cm/min or more
but 500 cnm/min or less, preferably 20 cn/min or more but 300
cm/min or less, more preferably 30 cm/min or more but 150
cm/min or less. In terms of productivity, the line speed is
preferably 10 cm/min or more. Further, with a line speed of
500 cm/min or less, it is possible to perform uniform heat
treatment in the heat treatment apparatus, thus hindering
defects such as wrinkling from occurring.

<Two or More Heating Spaces>

In the film modification step of the present invention, the
heat treatment is performed in two or more steps, preferably
in three or more steps, further more preferably four or more
steps, even more preferably five or more steps, particularly
preferably six or more steps. Performing the heat treatment in
two or more steps makes it possible to reduce an amount of
shrinkage of the film per thermal decomposition, thereby
making it difficult for the film to get wrinkles. Note that heat
treatments in the respective steps are performed at different
temperatures.
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Note that the method of the present invention for producing
the graphite film is expressed as recited in (1) below. Further,
the present invention encompasses the aspects (2) through
(6).

(1) A method for producing a graphite film by heat-treating
a polymer film, including a film modification step for per-
forming heat treatment at a heating rate of 5° C./min or more
in a temperature range from (i) a lower limit to temperature
rise being equal to or higher than a starting temperature of
thermal decomposition of the polymer film to (ii) an upper
limit to temperature rise being equal to or lower than an
intermediate temperature of thermal decomposition of the
polymer film; and thereafter performing heat treatment at a
temperature of 2000° C. or higher.

(2) The method described in (1), further including, follow-
ing the film modification step: performing cooling at a cool-
ing rate of 10° C./min or more in a temperature range from (i)
the upper limit to temperature rise to (ii) a temperature being
equal to or lower than the starting temperature of thermal
decomposition of the polymer film.

(3) The method described in (1) or (2), wherein: the poly-
mer film has a weight loss rate of 1.1% or more but 42.5% or
less as a result of the film modification step.

(4) The method described in any one of (1) through (3),
wherein: the polymer film has a birefringence of less than
0.13, and the polymer film has a weight loss rate of 1.1% or
more but 38.0% or less as a result of the film modification
step.

(5) The method described in any one of (1) through (3),
wherein: the polymer film has a birefringence 0£0.13 or more,
and the polymer film has a weight loss rate of 4.0% or more
but 42.5% or less as a result of the film modification step.

(6) The method described in any one of (1) through (5),
wherein: the film modification step is performed while the
polymer film is moving through a heat treatment apparatus.

(7) The method described in (6), wherein the film modifi-
cation step is performed in such a manner that the polymer
film is continuously heat-treated while being given a tension
in a machine direction of the heat treatment apparatus by
control devices, provided upstream and downstream of the
heat treatment apparatus, for controlling the tension given to
the polymer film.

EXAMPLES

Inthe following, various examples of the present invention
are explained together with some comparative examples.

<Conditions for Measurement of Various Properties>

<Properties of Film after Film Modification Step>

<Crack (Winding Test with Paper Core)>

A degree how easily the film after the film modification
step cracked was evaluated. The evaluation of cracking was
performed by confirming whether or not the films after the
film modification step cracked when wound around five times
paper cores of different diameters in an atmosphere of 23° C.

Evaluations were made according to the following criteria:
A (for those films which did not crack even when wound
around paper cores of a diameter of 1 inch); B (for those films
which cracked when wound around paper cores of a diameter
of'1 inch but did not crack when wound around paper cores of
a diameter of 1.5 inches); C (for those films which cracked
when wound around paper cores of a diameter of 1.5 inches
but did not crack when wound around paper cores of a diam-
eter of 2 inches); D (for those films which cracked when
wound around paper cores of a diameter of 2 inches but did
not crack when wound around paper cores of a diameter of 3
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inches); and E (for those films which cracked even when
wound around paper cores of a diameter of 3 inches).

<Cutting Test>

An attempt was made to cut a sample piece of a graphite
film, which piece was 50 mm per side, into two pieces by a
utility knife (manufactured by OLFA Corporation, model:
Black S). Then, if such a sample piece was cut into two, the
sample piece was evaluated as “good”. On the other hand, if
such a sample piece was not cut by the utility knife but
cracked, the sample piece was evaluated as “poor”. The
graphite films having a weight loss rate of 3% or less could be
cut by the utility knife.

<Weight Loss Rate, Rate of Retention of Weight>

In an atmosphere 0f 23° C., a weight loss rate of a polymer
film after the film modification step and the carbonization
step was measured. The weight loss rate is calculated accord-
ing to the following formula:

Weight loss rate(%)=[(Initial weight of polymer film—
Weight of polymer film immediately after film
modification step(or weight of polymer film
immediately after carbonization step)/Initial
weight of polymer film]x100

The initial weight of the polymer film and the weight of the
polymer film immediately after the film modification step are
as defined above regarding the formula for calculating the
weight loss rate. The weight of the polymer film immediately
after the carbonization step is the weight of the polymer film
as measured at 23° C. after the polymer film has been allowed
to stand in an atmosphere of constant 23° C. for 24 hours
immediately after the carbonization step.

A rate of retention of weight is calculated according to the
following formula:

Rate of retention of weight(%)=100-Weight loss rate
(%)

<Total Transmittance>

A total transmittance of a polymer film after the film modi-
fication step was measured in an atmosphere of 23° C. by use
of a haze meter available from Nippon Denshoku Industries
Co., Ltd. (model: NDH-300A). Such measurement was per-
formed three times for each polymer film, and an average of
the results was shown in a corresponding one of Tables 1, 3,
and 5.

<Evaluation of Productivity in Graphitization Step>

In order to evaluate the productivity in the graphitization
step, an upper limit to the heating rate allowing uniform
foaming was checked in Examples and Comparative
Examples. Specifically, in Examples and Comparative
Examples, the following procedure was performed: The film
having been subjected to the processes up to the graphitiza-
tion step was cut into pieces of' S cm per side. Such the pieces
and pieces of a natural graphite sheet having a thickness of
200 um were alternately stacked. Then, the resulting stack
was subjected to a graphitization process at temperatures up
10 2900° C. at a heating rate of 0.5° C./min, 0.6° C./min, 0.75°
C./min, 1° C./min, 1.5° C./min, 2° C./min, 3° C./min, 5°
C./min, 7.5° C./min, or 10° C./min. Thereafter, there found an
upper limit to the heating rate allowing production of the film
free from (i) peeling from a surface (like peeling from a
surface 12 shown in FIG. 1) or (ii) a bump of 0.5 mm or more
(like a bump 11 shown in FIG. 1). Evaluations were made as
follows: A (for those films free from the peeling from the
surface or the bump at heating rates for graphitization of 5°
C./min or less, 7.5° C./min or less, and 10° C./min or less); B
(for those films free from the peeling from the surface or the
bump at heating rates for graphitization of 2° C./min or less
and 3° C./min or less); C (for those films free from the peeling
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from the surface or the bump at a heating rate for graphitiza-
tion of 1° C./min or less); D (for those films free from the
peeling from the surface or the bump at heating rates for
graphitization of 0.5° C./min or less, 0.6° C./min or less, and
0.75° C./min or less); and E (for those films having the peel-
ing from the surface and the bump even at a heating rate for
graphitization of 0.5° C./min or less).

<Properties of Graphite Film>

<Evaluation of Peeling from Surface>

In Examples and Comparative Examples, the number of
graphite particles generated from a graphite film produced
through graphitization performed at temperatures up to 2900°
C. at aheating rate of 2° C./min was counted. Specifically, the
graphite film was cut into a piece of 30 mm per side, and a
polyimide film (Kaneka’s polyimide film APICAL AH: 50
pum) was cut into a piece of 50 mm per side. Then, the piece of
the graphite film and the piece of the polyimide film were
stacked and pressure-bonded to each other on a flat table by a
roller with a mass of 2 kg (described in ISO/DIS 2411).
Thereafter, the graphite film was separated from the polyim-
ide film, and the polyimide film was visually checked for
graphite particles having a long axis of 0.1 mm or more.
Evaluations were made as follows: A (for those graphite films
each of which generated less than two such graphite par-
ticles); B (for those graphite films each of which generated
two or more but less than five such particles); C (for those
graphite films each of which generated five or more but less
than 10 such particles); D (for those graphite films each of
which generated 10 or more but less than 20 such particles);
and E (for those graphite films each of which generated 20 or
more such particles).

<Wrinkling of Graphite Film>

A level of wrinkling occurred in each graphite film was
evaluated. Evaluations were made as follows: A (for those
graphite films each having no such wrinkle extending from
the edge of the film by 5 mm or longer as shown in FIG. 5); B
(forthose graphite films each having one or more but less than
two such wrinkles); C (for those graphite films each having
two or more but less than three such wrinkles); D (for those
graphite films each having three or more but less than five
such wrinkles); and E (for those graphite films each having
five or more such wrinkles).

<Folding Endurance Test (MIT Folding Endurance Test)>

Flexibility of each graphite film was tested by the MIT
folding endurance test. Specifically, flexibility of a test piece
of the graphite film having a size of 15 mmx100 mm was
tested by use of MIT type folding endurance tester D (manu-
factured by Toyo Seiki Seisaku-sho Ltd.), where a test load
was set at 100 gf (0.98 N), a speed was set at 90 times/min, and
afolding clamp with a curvature radius (R) of 2 mm was used.
In an atmosphere of 23° C., the test piece was folded to the
right and the left both at an angle of 135 degrees. The number
of times of the folding until the test piece was broken away
was counted. Evaluations were made as follows: A (for those
graphite films broken away after being folded 10000 or more
times); B (for those graphite films broken away after being
folded 5000 or more but less than 10000 times); C (for those
graphite films broken away after being folded 1000 or more
but less than 5000 times); D (for those graphite films broken
away after being folded 100 or more but less than 1000 times);
and E (for those graphite films broken away after being folded
less than 100 times).

<Measurement of Thermal Diffusivity>

A thermal diffusivity of each graphite film in a direction
parallel to a surface of the graphite film was obtained by
measuring a thermal diffusivity of a sample of the graphite
film at 10 Hz in an atmosphere of 23° C. with use of AC
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calorimetric method (“LaserPit” manufactured by ULVAC-
RIKO, Inc.), where the sample was prepared by cutting a
4x40 mm sample out of the graphite film. Evaluations were
made as follows: A (for those graphite films having a thermal
diffusivity of 8.0 cm?/s or more); B (for those graphite films
having a thermal diffusivity of 7.0 cm?/s or more but less than
8.0 cm?/s); C (for those graphite films having a thermal dif-
fusivity of 6.0 cm?/s or more but less than 7.0 cm?/s); D (for
those graphite films having a thermal diffusivity of 5.0 cm?*/s
or more but less than 6.0 cm?/s); and E (for those graphite
films having a thermal diffusivity of less than 5.0 cm?/s).

<Birefringence>

A birefringence of each polymer film was measured by use
of'a Metricon’s refractive index/film thickness measurement
system (model: 2010 Prism Coupler). Specifically, refractive
indices of the polymer film were measured in TE and TM
modes, respectively, with use of a light source of a wave-
length 594 nm in an atmosphere of 23° C., and the value of
TE-TM was obtained as the birefringence.

Example 1

As shown in FIG. 2, the film modification step was per-
formed by setting Kaneka’s polyimide film APICAL AH
having a birefringence of 0.10, a thickness of 75 um, a width
01200 mm, and a length of 10 m on a winding apparatus and
continuously feeding the film through a heat treatment appa-
ratus. The lengths of the heat treatment apparatus in its MD
direction (machine direction) and its TD direction (transverse
direction) were 60 cm and 30 cm, respectively. Further, an
entrance into the heat treatment apparatus was set to have a
temperature of 455° C., a part of the heat treatment apparatus
which was away from the entrance by 50 cm was set to have
a maximum temperature (corresponding to the upper limit to
temperature rise) of 555° C., and an exit from the heat treat-
ment apparatus which was away from the maximum tempera-
ture part by 10 cm was set to have a temperature of 455° C. A
linear temperature gradient as those shown by a temperature
distribution 25 in the heat treatment apparatus shown in FIG.
2 was given to the inside of the heat treatment apparatus. The
line speed was controlled so that the heating rate was 100°
C./min and the cooling rate was 455° C./min, while an actual
temperature of the polymer film was within a temperature
range from 455° C. to 555° C. (in this case, the line speed was
50 cm/min).

The film was conveyed while being given a tension by a
pulling strength of 30 kgf/cm?®. In the heat treatment appara-
tus, the film was conveyed through a space between graphite
jigs placed above and below the film, respectively, as shown
in FIG. 4. A pressure of 2 g/cm® was applied to the film in its
thickness direction. The film after the film modification step
was evaluated for the wrinkling and the cracking, and mea-
sured for the weight loss rate and the total light transmittance.

Next, the film after the film modification step was cut into
square pieces. These square pieces and pieces of a natural
graphite sheet having a thickness of 200 um were stacked
alternately, so that a stack made of 100 layers was obtained.
On the stack, a graphite weight board was placed so that aload
of 5 g/cm® was applied to the film. Then, the stack was set in
a carbonization furnace so as to be carbonized at temperatures
up to 1400° C. at a heating rate of 2° C./min.

Next, the carbonized film/graphite sheet stack after the
carbonization was put into a graphitization furnace as such,
and was graphitized at temperatures up to 2900° C. at a
heating rate of 2° C./min. A resulting film was compressed at
apressure of 10 MPa. Then, a graphite film thus obtained was
evaluated for appearance (peeling from surface), the folding
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endurance (MIT), and the thermal diffusivity. The results of
the evaluations are shown in Tables 1 and 2.

Example 2

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 3

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 605° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 4

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 5

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 655° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 6

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 700° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 7

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
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fication step, the length of the furnace and the line speed were
adjusted so that the temperatures of the entrance and the exit
of the heat treatment apparatus were each set at 25° C. (RT),
the maximum temperature in the heat treatment apparatus
was set at 580° C., the heating rate was set at 100° C./min, and
the cooling rate was set at 455° C./min. Then, various evalu-
ations were made on the graphite film thus produced. The
results of the evaluations are shown in Tables 1 and 2.

Example 8

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
300° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 9

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
50° C./min, and the cooling rate was set at 455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 1
and 2.

Example 10

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
10° C./min, and the cooling rate was set at 455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 1
and 2.

Example 11

A graphite film was produced in the same manner as in
Examples 1 and 2 except for the following points: In the film
modification step, the length of the furnace and the line speed
were adjusted so that the maximum temperature in the heat
treatment apparatus was set at 580° C., the heating rate was
set at 5° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Table 1.

Example 12

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 300° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.
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Example 13

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 100° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
1 and 2.

Example 14

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 50° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 1
and 2.

Example 15

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 10° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 1
and 2.

Example 16

Pieces of Kaneka’s polyimide film APICAL AH having a
birefringence 0f 0.10, a thickness of 75 pm, and a size of 200
mm per side and pieces of a natural graphite sheet having a
thickness of 200 um were stacked alternately, so that a stack
made of 100 layers was obtained. On the stack, a graphite
weight board was placed so that a load of 5 g/cm? was applied
to the film. Then, the stack was conveyed through the heat
treatment apparatus by use of a graphite conveyor belt. In this
manner, the film modification step was performed. The cool-
ing rate in the cooling performed after the heat treatment was
50° C./min. Except for these, a graphite film was produced
under the same conditions as in Example 2. Then, various
evaluations were made on the graphite film thus produced.
The results of the evaluations are shown in Tables 1 and 2.

Example 17

Pieces of Kaneka’s polyimide film APICAL AH having a
birefringence 0f 0.10, a thickness of 75 pm, and a size of 200
mm per side and pieces of a natural graphite sheet having a
thickness of 200 um were stacked alternately, so that a stack
made of 100 layers was obtained. On the stack, a graphite
weight board was placed so that a load of 5 g/cm? was applied
to the film. Then, the stack was set in the heat treatment
apparatus, so that the film modification step was performed
through the batch wise process with a heating rate of 100°
C./min and a cooling rate of 10° C./min in a temperature range
from 455° C. to 580° C. Except for these, a graphite film was
produced under the same conditions as in Example 2. Then,
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various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 1
and 2.

Example 18

A graphite film was produced in the same manner as in
Example except that Kaneka’s polyimide film APICAL NPI
having a birefringence of 0.14 and a thickness of 75 um was
used. Then, various evaluations were made on the graphite
film thus produced. The results of the evaluations are shown
in Tables 3 and 4.

Example 19

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 20

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 655° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 21

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 700° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 22

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the temperatures of the entrance and the exit
of the heat treatment apparatus were each set at 25° C. (RT),
the maximum temperature in the heat treatment apparatus
was set at 630° C., the heating rate was set at 100° C./min, and
the cooling rate was set at 455° C./min. Then, various evalu-
ations were made on the graphite film thus produced. The
results of the evaluations are shown in Tables 3 and 4.

Example 23
A graphite film was produced in the same manner as in

Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
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adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
300° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 24

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
50° C./min, and the cooling rate was set at455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 3
and 4.

Example 25

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
10° C./min, and the cooling rate was set at 455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 3
and 4.

Example 26

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
5° C./min, and the cooling rate was set at 455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 3
and 4.

Example 27

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 300° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 28

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 100° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.
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Example 29

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 50° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 3
and 4.

Example 30

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 10° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 3
and 4.

Example 31

A graphite film was produced in the same manner as in
Example 16 except for the following points: Kaneka’s poly-
imide film APICAL NPI having a birefringence 0f0.14 and a
thickness of 75 urn was used; In the film modification step, the
length of the furnace and the line speed were adjusted so that
the maximum temperature in the heat treatment apparatus
was set at 630° C. and the heating rate was set at 100° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4. In Example 31, the cooling rate in the cooling per-
formed after the heat treatment was 50° C./min.

Example 32

A graphite film was produced in the same manner as in
Example 17 except for the following points: Kaneka’s poly-
imide film APICAL NPI having a birefringence 0f0.14 and a
thickness of 75 um was used; The film modification step was
performed through the batch-wise process with a heating rate
01'100° C./min and a cooling rate of 10° C./min in a tempera-
ture range from 455° C. to 630° C. Then, various evaluations
were made on the graphite film thus produced. The results of
the evaluations are shown in Tables 3 and 4.

Example 33

A graphite film was produced in the same manner as in
Example except that Kaneka’s polyimide film APICAL NPI
having a birefringence 0f 0.14 and a thickness of 125 um was
used. Then, various evaluations were made on the graphite
film thus produced. The results of the evaluations are shown
in Tables 3 and 4.

Example 34

A graphite film was produced in the same manner as in
Example 33 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
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Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 35

A graphite film was produced in the same manner as in
Example 33 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 655° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 36

A graphite film was produced in the same manner as in
Example 33 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 700° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
3 and 4.

Example 37

A graphite film was produced in the same manner as in
Example 31 except that Kaneka’s polyimide film APICAL
NPI having a birefringence 0f 0.14 and a thickness of 125 pm
was used. Then, various evaluations were made on the graph-
ite film thus produced. The results of the evaluations are
shown in Tables 3 and 4.

Example 38

A graphite film was produced in the same manner as in
Example except that Kaneka’s polyimide film APICAL NPI
having a birefringence 0f 0.14 and a thickness of 125 um was
used. Then, various evaluations were made on the graphite
film thus produced. The results of the evaluations are shown
in Tables 3 and 4.

Example 39

A graphite film was produced in the same manner as in
Example 2 except that after the film modification step, the
graphitization step was performed without performing the
carbonization step. Then, various evaluations were made on
the graphite film thus produced. Namely, the film after the
film modification step was cut into square pieces, and these
square pieces and pieces of a natural graphite sheet having a
thickness of 200 pm were stacked alternately so that a stack
made of 100 layers was obtained. On the stack, a graphite
weight board was placed so that a load of 5 g/cm? was applied
to the film. Then, the stack was set in a graphite furnace, and
was graphitized at temperatures up to 2900° C. at a heating
rate of 2° C./min. The results of the evaluations are shown in
Tables 5 and 6.

Example 40

A graphite film was produced in the same manner as in
Example except that the carbonization and graphitization
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steps were performed with the polymer film shaped in a roll
(circular cylinder). Then, various evaluations were made on
the graphite film thus produced. Namely, (1) the polymer film
after the film modification step was not cut but was rolled up
s0 as to be in a roll (circular cylinder) shape; then, the rolled-
up polymer film was put into the carbonization furnace in
such a manner that its TD direction (transverse direction)
coincides with a vertical direction as shown in FIG. 7. (2) The
polymer film after the carbonization step was put into the
graphitization furnace with the polymer film being in the
same shape as that when put into the carbonization furnace, so
asto be graphitized at temperatures up to 2900° C. at a heating
rate of 2° C./min. The results of the evaluations are shown in
Tables 5 and 6.

Example 41

A graphite film was produced in the same manner as in
Example 39 except that the polymer film after the film modi-
fication step was not cut but was rolled up so as to be in a roll
(circular cylinder) shape; then, the rolled-up polymer film
was put into the graphitization furnace in such a manner that
its TD direction (transverse direction) coincides with a verti-
cal direction as shown in FIG. 7. Then, various evaluations
were made on the graphite film thus produced. The results of
the evaluations are shown in Tables 5 and 6.

Example 42

A graphite film was produced in the same manner as in
Example 2 except that Kapton H (available from Du Pont-
Toray Co., Ltd.) having a thickness of 75 um was used. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 5
and 6.

Example 43

A graphite film was produced in the same manner as in
Example 2 except that POD (polyparaphenylene oxadiazole)
having a thickness of 75 um was used as a polymer film. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 5
and 6.

Comparative Example 1

A graphite film was produced in the same manner as in
Example 1 except that the film modification step was not
performed. Then, various evaluations were made on the
graphite film thus produced. The results of the evaluations are
shown in Tables 7 and 8.

Comparative Example 2

A graphite film was produced in the same manner as in
Comparative Example 1 except that the heating rate for car-
bonization was set at 5° C./min. Then, various evaluations
were made on the graphite film thus produced. The results of
the evaluations are shown in Tables 7 and 8.

Comparative Example 3

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
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ment apparatus was set at 1400° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
7 and 8.

Comparative Example 4

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
2° C./min, and the cooling rate was set at 455° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 7
and 8.

Comparative Example 5

A graphite film was produced in the same manner as in
Example 1 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 580° C., the heating rate was set at
100° C./min, and the cooling rate was set at 2° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 7
and 8.

Comparative Example 6

A graphite film was produced in the same manner as in
Example 32 except that the film modification step was not
performed. Then, various evaluations were made on the
graphite film thus produced. The results of the evaluations are
shown in Tables 7 and 8.

Comparative Example 7

A graphite film was produced in the same manner as in
Comparative Example 6 except that the heating rate for car-
bonization was set at 5° C./min. Then, various evaluations
were made on the graphite film thus produced. The results of
the evaluations are shown in Tables 7 and 8.

Comparative Example 8

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 1400° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.
Then, various evaluations were made on the graphite film thus
produced. The results of the evaluations are shown in Tables
7 and 8.

Comparative Example 9

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
2° C./min, and the cooling rate was set at 455° C./min. Then,
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various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 7
and 8.

Comparative Example 10

A graphite film was produced in the same manner as in
Example 18 except for the following points: In the film modi-
fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 630° C., the heating rate was set at
100° C./min, and the cooling rate was set at 2° C./min. Then,
various evaluations were made on the graphite film thus pro-
duced. The results of the evaluations are shown in Tables 7
and 8.

Comparative Example 11

A graphite film was produced in the same manner as in
Example 38 except that the film modification step was not
performed. Then, various evaluations were made on the
graphite film thus produced. The results of the evaluations are
shown in Tables 7 and 8.

Comparative Example 12

A graphite film was produced in the same manner as in
Comparative Example 11 except that the heating rate for
carbonization was set at 5° C./min. Then, various evaluations
were made on the graphite film thus produced. The results of
the evaluations are shown in Tables 7 and 8.

Comparative Example 13

A graphite film was produced in the same manner as in
Example 33 except for the following points: In the film modi-
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fication step, the length of the furnace and the line speed were
adjusted so that the maximum temperature in the heat treat-
ment apparatus was set at 1400° C., the heating rate was set at
100° C./min, and the cooling rate was set at 455° C./min.

5 Then, various evaluations were made on the graphite film thus

produced. The results of the evaluations are shown in Tables
7 and 8.

Comparative Example 14

10 According to Example 1 of Patent Literature 2, an experi-

ment was performed. A graphite film was produced in the
same manner as in Comparative Example 1 except for the
following points: As a raw material, a polyimide film (product
name: Kapton available from Du Pont-Toray Co., Ltd.) hav-

15 inga birefringence 0f 0.10, a thickness of 75 um, and a size of

200 mm per side was used; The carbonization was performed
at temperatures up to 1600° C. at a heating rate of 1° C./min,
and the graphitization was performed at temperatures up to
2700° C. at a heating rate of 3° C./min. Then, various evalu-

20 ations were made on the graphite film thus produced.

Comparative Example 15

A graphite film was produced in the same manner as in
Comparative Example 14 except that the carbonization was
performed at temperatures up to 1600° C. at a heating rate of
5° C./min. Then, various evaluations were made on the graph-
ite film thus produced.

Comparative Example 16

30

A graphite film was produced in the same manner as in
Comparative Example 14 except that the carbonization was
performed at temperatures up to 1600° C. at a heating rate of
20° C./min. Then, various evaluations were made on the
graphite film thus produced.

TABLE 1

Properties of film after film
modification step

Crack-
ing Rate
Film modification step (wind- of
Heat- Cool-  ing reten-
Raw material ing ing test tion Weight Total
Thick- Heat Start Max. rate rate with of loss transmit-

ness Width Length Birefrin- treatment temp. temp. °C./ °C./ paper Cutting weight rate tance

Type pm mm m gence method °C. °C. min min core) test % % %

Ex. 1 Apical AH 75 200 10 0.10 CLFPP* 455 555 100 455 A Good 98.8 1.2 5.50
Ex.2 Apical AH 75 200 10 0.10 CLFPP* 455 580 100 455 A Good 97.2 2.8 0.20
Ex.3 Apical AH 75 200 10 0.10 CLFPP* 455 605 100 455 A Poor 85.0 15.0 0.03
Ex. 4 Apical AH 75 200 10 0.10 CLFPP* 455 630 100 455 B Poor 73.5 26.5 —
Ex.5 Apical AH 75 200 10 0.10 CLFPP* 455 655 100 455 C Poor 70.0 30.0 —
Ex. 6 Apical AH 75 200 10 0.10 CLFPP* 455 700 100 455 D Poor 62.0 38.0 —
Ex.7 Apical AH 75 200 10 0.10 CLFPP* RT 580 100 455 A Poor 97.2 2.8 0.20
Ex. 8 Apical AH 75 200 10 0.10 CLFPP* 455 580 300 455 A Poor 97.2 2.8 0.20
Ex.9 Apical AH 75 200 10 0.10 CLFPP* 455 580 50 455 A Poor 97.2 2.8 0.20
Ex. 10 Apical AH 75 200 10 0.10 CLFPP* 455 580 10 455 A Poor 97.2 2.8 0.20
Ex. 11 Apical AH 75 200 10 0.10 CLFPP* 455 580 5 455 A Poor 97.2 2.8 0.20
Ex. 12 Apical AH 75 200 10 0.10 CLFPP* 455 580 100 300 A Poor 97.2 2.8 0.20
Ex. 13 Apical AH 75 200 10 0.10 CLFPP* 455 580 100 100 A Poor 97.2 2.8 0.20
Ex. 14 Apical AH 75 200 10 0.10 CLFPP* 455 580 100 50 A Poor 97.2 2.8 0.20
Ex. 15 Apical AH 75 200 10 0.10 CLFPP* 455 580 100 10 A Poor 97.2 2.8 0.20
Ex. 16 Apical AH 75 200 0.2 0.10 CPC** 455 580 100 50 B Poor 97.2 2.8 0.20
Ex. 17 Apical AH 75 200 0.2 0.10 BPC*** 455 580 100 10 B Poor 97.2 2.8 0.20

*CLFPP” stands for “continuous long film producing process”.

#+¥“CPC” stands for “continuous process with container”.

*#++x«BPC” stands for “batch-wise process with container”.
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Carbonization step

Evaluation of

productivity

i

n

graphitization,

heating rate

Rate of Graphitization step allowing Properties of graphite film
Heat Max. Heating retention Heat Max. Heating uniform Peeling Thermal
treatment temp.  rate of weight treatment temp. rate foaming from MIT diffusivity
method °C. °C.Jmin % method °C. °CJmin °CJ/min Eval. surface Wrinkling times cm?/s
Ex. 1 Sheet stack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 2 Sheet stack 1400 2 50.0 Sheet stack 2900 2 5 A A A A A
Ex. 3 Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A A A A
Ex. 4 Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A A B B
Ex. 5 Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A B C C
Ex. 6 Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A C D D
Ex. 7 Sheet stack 1400 2 50.0 Sheet stack 2900 2 5 A A A A A
Ex. 8 Sheet stack 1400 2 50.0 Sheet stack 2900 2 5 A A A A A
Ex. 9 Sheet stack 1400 2 50.0 Sheet stack 2900 2 5 A A A A A
Ex. 10  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex. 11 Sheet stack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 12  Sheetstack 1400 2 50.0 Sheet stack 2900 2 5 A A A A A
Ex. 13 Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex. 14  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 15  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.75 D D A D D
Ex. 16  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B B B B
Ex. 17  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C B C C
TABLE 3

Properties of film after film modification step

Rate
Film modification step Cracking of
Heat- Cool- (winding reten-
Raw material ing ing test tion  Weight Total
Thick- Heat Start Max. rate rate with Cut- of loss transmit-

ness Width Length Birefrin- treatment temp. temp. °C./ °CJ paper ting  weight rate tance
Type pm mm m gence method °C. °C. min min core) test % % %

Ex. 18 Apical NPI 75 200 10 0.14 CLFPP* 455 605 100 455 A Poor  80.0 20.0 0.03
Ex. 19 Apical NPI 75 200 10 0.14 CLFPP* 455 630 100 455 B Poor  70.0 30.0 —
Ex. 20 Apical NPI 75 200 10 0.14 CLFPP* 455 655 100 455 C Poor  65.7 34.3 —
Ex. 21 Apical NPI 75 200 10 0.14 CLFPP* 455 700 100 455 D Poor 625 37.5 —
Ex. 22 Apical NPI 75 200 10 0.14 CLFPP* RT 630 100 455 B Poor  70.0 30.0 —
Ex. 23 Apical NPI 75 200 10 0.14 CLFPP* 455 630 300 455 B Poor  70.0 30.0 —
Ex. 24 Apical NPI 75 200 10 0.14 CLFPP* 455 630 50 455 B Poor  70.0 30.0 —
Ex. 25 Apical NPI 75 200 10 0.14 CLFPP* 455 630 10 455 B Poor  70.0 30.0 —
Ex. 26 Apical NPI 75 200 10 0.14 CLFPP* 455 630 5 455 B Poor  70.0 30.0 —
Ex. 27 Apical NPI 75 200 10 0.14 CLFPP* 455 630 100 300 B Poor  70.0 30.0 —
Ex. 28 Apical NPI 75 200 10 0.14 CLFPP* 455 630 100 100 B Poor  70.0 30.0 —
Ex. 29 Apical NPI 75 200 10 0.14 CLFPP* 455 630 100 50 B Poor  70.0 30.0 —
Ex. 30 Apical NPI 75 200 10 0.14 CLFPP* 455 630 100 10 B Poor  70.0 30.0 —
Ex. 31 Apical NPI 75 200 0.2 0.14 CPC** 455 630 100 50 C Poor  70.0 30.0 —
Ex. 32 Apical NPI 75 200 0.2 0.14 BPC*** 455 630 100 10 C Poor  70.0 30.0 —
Ex. 33 Apical NPT 125 200 10 0.14 CLFPP* 455 605 100 455 A Poor  80.0 20.0 0.03
Ex. 34 Apical NPT 125 200 10 0.14 CLFPP* 455 630 100 455 B Poor  70.0 30.0 —
Ex. 35 Apical NPT 125 200 10 0.14 CLFPP* 455 655 100 455 C Poor  65.7 34.3 —
Ex. 36 Apical NPT 125 200 10 0.14 CLFPP* 455 700 100 455 D Poor 625 37.5 —
Ex. 37 Apical NPT 125 200 0.2 0.14 CPC** 455 630 100 50 C Poor  70.0 30.0 —
Ex. 38 Apical NPT 125 200 0.2 0.14 BPC*** 455 630 100 10 C Poor  70.0 30.0 —

*#“CLFPP” stands for “continuous long film producing process”.

#E4CPC” stands for “continuous process with container”.

##£“BPC” stands for “batch-wise process with container”.
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Carbonization step

Evaluation of

productivity

in

graphitization,

heating rate

Rate of Graphitization step allowing Properties of graphite film
Heat Max Heating retention Heat Max. Heating uniform Peeling Thermal
treatment temp.  rate of weight treatment temp. rate foaming from MIT diffusivity
method °C. °C.Jmin % method °C. °CJmin °CJ/min Eval. surface Wrinkling times em?/s
Ex. 18  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 19  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex. 20  Sheetstack 1400 2 50.0 Sheet stack 2900 2 5 A A B A A
Ex. 21 Sheet stack 1400 2 50.0 Sheet stack 2900 2 7.5 A A C A A
Ex.22  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex.23  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex.24  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex.25  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex.26  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.75 D D A C D
Ex.27  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B A B B
Ex.28  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1.5 C C A C C
Ex.29  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 30  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.75 D D A C D
Ex. 31 Sheet stack 1400 2 50.0 Sheet stack 2900 2 1.5 C C D C C
Ex.32  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C D C C
Ex. 33  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.75 D D A C D
Ex. 34  Sheetstack 1400 2 50.0 Sheet stack 2900 2 1 C C A C C
Ex. 35  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B B B B
Ex.36  Sheetstack 1400 2 50.0 Sheet stack 2900 2 2 B B C B B
Ex.37  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.75 D D D C D
Ex. 38  Sheetstack 1400 2 50.0 Sheet stack 2900 2 0.6 D D D C D
TABLE 5
Properties of film after
film modification step
Rate
Film modification step Cracking of
Heat- Cool- (winding reten-
Raw material Heat ing ing test tion  Weight Total
Thick- treat-  Start Max. rate rate with Cut- of loss transmit-
ness Width Length Birefrin- ment temp. temp. °C./ °C/ paper ting  weight rate tance
Type pm mm m gence method °C. °C. min min core) test % % %
Ex. Apical AH 75 200 10 0.10 CLFPP* 455 580 100 455 A Good 972 2.8 0.20
39
Ex. Apical AH 75 200 10 0.10 CLFPP* 455 580 100 455 A Good 972 2.8 0.20
40
Ex. Apical AH 75 200 10 0.10 CLFPP* 455 580 100 455 A Good 972 2.8 0.20
41
Ex. Kapton H 75 200 10 0.10 CLFPP* 455 580 100 455 A Good  97.0 3.0 0.22
42
Ex. POD 75 200 10 0.10 CLFPP* 455 580 100 455 A Good  95.2 4.8 0.25

43 (polyperaphenylene

oxadiazole)

*#“CLFPP” stands for “continuous long film producing process”.
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TABLE 6

Evaluation of

productivity
in
graphitization,
Carbonization step heating rate
Rate of Graphitization step allowing Properties of graphite film
Heat Max. Heating retention Heat Max. Heating uniform Peeling Thermal
treatment temp.  rate of weight treatment temp. rate foaming from MIT diffusivity
method °C. °C.Jmin % method °C. °CJmin °CJ/min Eval. surface Wrinkling times em?/s
Ex. 39 None Sheet stack 2900 2 5 A A B A A
Ex. 40 Circular 1400 2 50.0 Circular 2900 2 5 A A A A A
cylinder cylinder
Ex. 41 None Circular 2900 2 5 A A B A A
cylinder
Ex.42  Sheetstack 1400 2 50.0 Sheet stack 2900 2 5 A A A A
Ex.43  Sheetstack 1400 2 50.0 Sheet stack 2900 2 5 A A A A E
TABLE 7
Properties of film after film modification step
Rate
Cracking of
(winding reten-
Raw material Film modification step test tion  Weight Total
Thick- Heat Start Max. Heating Cooling with Cut- of loss transmit-
ness Width Length Birefrin- treatment temp. temp. rate rate paper ting  weight rate tance
Type pm mm m gence method °C. °C. °CJ/min °C./min core) test % % %
Comp. Apical 75 200 0.2 0.10 None
Ex. 1 AH
Comp. Apical 75 200 0.2 0.10 None
Ex. 2 AH
Comp. Apical 75 200 10 0.10 CLFPP* 455 1400 100 455 E Poor  50.0 50.0 —
Ex. 3 AH
Comp. Apical 75 200 10 0.10 CLFPP* 455 580 2 455 A Good  97.2 2.8 0.20
Ex. 4 AH
Comp. Apical 75 200 10 0.10 CLFPP* 455 580 100 2 A Good  97.2 2.8 0.20
Ex. 5 AH
Comp. Apical 75 200 0.2 0.14 None
Ex. 6 NPI
Comp. Apical 75 200 0.2 0.14 None
Ex. 7 NPI
Comp. Apical 75 200 10 0.14 CLFPP* 455 1400 100 455 E Poor  50.0 50.0 —
Ex. 8 NPI
Comp. Apical 75 200 10 0.14 CLFPP* 455 630 2 455 B Poor  70.0 30.0 —
Ex. 9 NPI
Comp. Apical 75 200 10 0.14 CLFPP* 455 630 100 2 B Poor  70.0 30.0 —
Ex. 10 NPI
Comp. Apical 125 200 0.2 0.14 None
Ex. 11 NPI
Comp. Apical 125 200 0.2 0.14 None
Ex. 12 NPI
Comp. Apical 125 200 10 0.14 CLFPP* 455 1400 100 455 E Poor  50.0 50.0 —
Ex. 13 NPI

*#“CLFPP” stands for “continuous long film producing process”.
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TABLE 8

Carbonization step

Evaluation of
productivity in
graphitization,

Rate of Graphitization step heating rate Properties of graphite film
Heat Max. Heating retention Heat Max. Heating allowing Peeling Thermal
treatment temp.  rate of weight treatment temp. rate uniform foaming from MIT  diffusivity
method °C. °C.Jmin % method °C. °CJmin °C.Jmin Eval. surface  Wrinkling times cm?/s
Comp. Ex. 1  Sheet stack 1400 2 50.0 Sheet stack 2900 2 0.5 E E A E E
Comp. Ex. 2 Sheet stack 1400 5 50.0 Sheet stack 2900 2 2 B B E B B
Comp. Ex. 3 Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A E A A
Comp. Ex. 4  Sheet stack 1400 2 50.0 Sheet stack 2900 2 0.5 E E A E E
Comp. Ex. 5 Sheet stack 1400 2 50.0 Sheet stack 2900 2 0.5 E E A E E
Comp. Ex. 6  Sheet stack 1400 2 50.0 Sheet stack 2900 2 <0.5 E E A E E
Comp. Ex. 7  Sheet stack 1400 5 50.0 Sheet stack 2900 2 0.5 E E E E E
Comp. Ex. 8  Sheet stack 1400 2 50.0 Sheet stack 2900 2 >10 A A E A A
Comp. Ex. 9 Sheet stack 1400 2 50.0 Sheet stack 2900 2 0.5 E E A E E
Comp. Ex. 10 Sheet stack 1400 2 50.0 Sheet stack 2900 2 0.5 E E A E E
Comp. Ex. 11 Sheet stack 1400 2 50.0 Sheet stack 2900 2 <0.5 E E A E E
Comp. Ex. 12 Sheet stack 1400 5 50.0 Sheet stack 2900 2 <0.5 E E E E E
Comp. Ex. 13 Sheet stack 1400 2 50.0 Sheet stack 2900 2 2 B B E B B

<Film Modification Step>

The following compares (i) Examples 1 through 17, in
which the film modification step was performed in the below-
described manner, with (ii) Comparative Examples 1, 2, and
14 through 16, in which no film modification step was per-
formed. Namely, the film modification step in Examples 1
through 17 was performed by (a) heat-treating APICAL AH
(polymer film) having a thickness of 75 um at a heating rate of
5° C./min or more in a temperature range from (i) a lower
limit to temperature rise being equal to or higher than a
starting temperature (500° C.) of thermal decomposition of
the polymer film to (ii) an upper limit to temperature rise
being equal to or lower than an intermediate temperature
(750° C.) of thermal decomposition of the polymer film, and
thereafter (b) cooling the polymer film at a cooling rate of 10°
C./min or more in a temperature range from (i) the upper limit
to temperature rise to (ii) a temperature being equal to or
lower than the starting temperature of thermal decomposition
of the polymer film.

In each of Comparative Examples 1 and 14, the evaluation
of the productivity in graphitization was 0.5° C./min, which
means quite poor productivity. In each of Comparative
Examples 2, 15, and 16, in which the heating rate for the
carbonization was increased in order to improve the produc-
tivity in graphitization, the resulting film had a lot of wrinkles.
Thus, without performing the film modification step, it was
difficult to produce a graphite film having an even surface
with high productivity. On the other hand, each of Examples
1 through 17 performed the film modification step, which
made it possible to modify the polymer film into a raw mate-
rial film which is difficult to be foamed even after graphitiza-
tion. Thus, even with a higher heating rate for graphitization,
the resulting graphite film had uniform foaming and therefore
was free from defects such as a bump or peeling from surface.
Furthermore, in the film modification step, wrinkles were not
made so much. Thus, Examples 1 through 17 had improved
productivity.

Similar characteristics to the above were observed also in
comparison of (i) Examples 18 through 32, in which the film
modification step was performed in the below-described
manner, with (ii) Comparative Examples 6 and 7, in which no
film modification step was performed. Namely, the film
modification step in Examples 18 through 32 was performed
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by (a) heat-treating APICAL NPI (polymer film) having a
thickness of 75 pum at a heating rate of 5° C./min or more in a
temperature range from (i) a lower limit to temperature rise
being equal to or higher than a starting temperature (500° C.)
of thermal decomposition of the polymer film to (ii) an upper
limit to temperature rise being equal to or lower than an
intermediate temperature (800° C.) of thermal decomposition
of the polymer film, and thereafter (b) cooling the polymer
film at a cooling rate of 10° C./min or more in a temperature
range from (i) the upper limit to temperature rise to (ii) a
temperature being equal to or lower than the starting tempera-
ture of thermal decomposition of the polymer film. Further,
similar characteristics to the above were observed also in
comparison of (i) Examples 33 through 38, in which the film
modification step was performed in the below-described
manner, with (i) Comparative Examples 11 and 12, in which
no film modification step was performed. Namely, the film
modification step in Examples 33 through 38 was performed,
by use of APICAL NPI having a thickness of 125 um as a raw
material (polymer film), in a part of a temperature range from
(1) a starting temperature (500° C.) of decomposition of the
polymer film to (ii) an intermediate temperature (800° C.) of
thermal decomposition of the polymer film. Thus, the effects
of the film modification step were confirmed.

<Heating Rate During Film Modification Step>

The following compares Examples 2 and 8 through 11, and
Comparative Example 4, which used APICAL AH having a
thickness of 75 um as a raw material in common but set
respective different heating rates during the film modification
step. Examples 2 and 8 through 11, whose heating rates were
5°C./min or more, had good evaluations of the productivity in
graphitization; that is, the effects of the film modification step
were notably achieved in Examples 2 and 8 through 11. On
the other hand, Comparative Example 4 did not have such an
improved evaluation of the productivity in graphitization.
The reason for this is assumed that giving a heat history of a
thermal change(s) to the polymer film at the high rate disor-
dered the molecular chain, and as a result, the polymer film
could be modified into a raw material which was difficult to be
foamed. Particularly in the case where the heating rate was
50° C./min or more, the effects of the film modification step
were achieved notably.
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Similar characteristics to the above were observed also in
comparison of Examples 19, and 23 through 26, and Com-
parative Example 9, each of which used APICAL NPI having
a thickness of 75 um as a raw material. Namely, it was con-
firmed that the effects of the film modification step were
likely to be achieved in the case where the heating rate was 5°
C./min.

<Cooling Rate During Film Modification Step>

The following compares Examples 2, and 12 through 15,
and Comparative Example 5, which used APICAL AH having
a thickness of 75 um as a raw material in common but set
respective different cooling rates during the film modification
step. Examples 2 and 12 through 15, whose cooling rates were
10° C./min or more, had good evaluations of the productivity
in graphitization; that is, the effects of the film modification
step were notably achieved in Examples 2 and 12 through 15.
On the other hand, Comparative Example 5 did not have such
an improved evaluation of the productivity in graphitization.
The reason for this is assumed that cooling the polymer film
at the high rate quenched the disordered molecular chain with
the disordered state maintained, and as a result, the polymer
film could be modified into a raw material which was difficult
to be foamed. Particularly in the case where the cooling rate
was 100° C./min or more, the effects of the film modification
step were achieved notably.

Similar characteristics to the above were observed also in
comparison of Examples 19 and 27 through 30, and Com-
parative Example 10, each of which used APICAL NPI hav-
ing a thickness of 75 pm as a raw material. Namely, it was
confirmed that the effects of the film modification step were
more likely to be achieved with a higher cooling rate.

<Temperature Range in which Film Modification Step is
Performed>

The following compares Examples 1 through 7 and Com-
parative Example 3, which used APICAL AH having a thick-
ness of 75 um as a raw material in common but set respective
different upper limits to temperature rise during the film
modification step. The films of Examples 1 through 7, whose
upper limits to temperature rise during the film modification
step were 750° C. or lower, were difficult to crack in the
winding test with the paper core, as compared with that of
Comparative Example 3. This is because that each of the
polymer films of Examples 1 through 7 had not been heat-
treated until the decomposition reaction thereof was com-
pleted, and as a result, an amount that the polymer film
shrinks was small and therefore the polymer film was difficult
to get wrinkles. Furthermore, since each of the polymer films
of Examples 1 through 7 still maintained the nature of the
polymer and therefore was not hardened, the polymer film
was difficult to be damaged. Particularly, the polymer films of
Examples 1 through 3, whose maximum temperatures were
605° C. or lower, were difficult to crack.

Further, the higher the upper limit to temperature rise dur-
ing the film modification step was, the better the evaluation of
the productivity in graphitization was and the more the foam-
ing was reduced. Particularly in the case where the upper limit
to temperature rise was 580° C. or higher, the evaluation of the
productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

However, in the case where the upper limit to temperature
rise was set too high, the molecular orientation of the polymer
film was disordered too much in the film modification step,
which led to the poor results of the MIT test and the thermal
diffusivity measurement. A particularly preferable upper
limit to temperature rise during the film modification step is
630° C. or lower.
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In Examples 2 and 7, which differ only in the temperature
at which the film modification step was started, the graphite
films having similar properties were produced. This shows
that no particular control is necessary for a heat treatment
performed in a temperature range equal to or lower than 500°
C., which is the starting temperature of the decomposition of
the polymer film.

Similar characteristics to the above were observed also in
comparison of Examples 18 through 22 and Comparative
Example 8, which used APICAL NPI having a thickness of 75
um as a raw material in common but set respective different
upper limits to temperature rise during the film modification
step. The films of Examples 18 through 22, whose upper
limits to temperature rise during the film modification step
were 800° C. or lower, were difficult to crack in the winding
test with the paper core, as compared with that of Compara-
tive Example 8. This is because that each of the polymer films
of Examples 18 through 22 had not been heat-treated until the
decomposition reaction thereof was completed, and as a
result, an amount that the polymer film shrinks was small and
therefore the polymer film was difficult to get wrinkles. Fur-
thermore, since each of the polymer films of Examples 18
through 22 still maintained the nature of the polymer and
therefore was not hardened, the polymer film was difficult to
be damaged. Particularly, the polymer films of Examples 18
and 19, whose upper limits to temperature rise were 630° C.
or lower, were difficult to crack.

Further, the higher the upper limit to temperature rise dur-
ing the film modification step was, the better the evaluation of
the productivity in graphitization was and the more the foam-
ing was reduced. Particularly in the case where the upper limit
to temperature rise was 630° C. or higher, the evaluation of the
productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

In Examples 19 and 22, which differ only in the tempera-
ture at which the film modification step was started, the
graphite films having similar properties were produced. This
shows that no particular control is necessary for heat treat-
ment performed in a temperature range equal to or lower than
500° C., which is the starting temperature of the decomposi-
tion of the polymer film.

Similar characteristics to the above were observed also in
comparison of Examples 33 through 36 and Comparative
Example 13, which used APICAL NPI having a thickness of
125 pm as a raw material in common but set respective dif-
ferent upper limits to temperature rise during the film modi-
fication step. The films of Examples 33 through 36, whose
upper limits to temperature rise during the film modification
step were 800° C. or lower, were difficult to crack in the
winding test with the paper core, as compared with that of
Comparative Example 13. The reason for this is that each of
the polymer films of Examples 33 through 36 had not been
heat-treated until the decomposition reaction thereof was
completed, and as a result, an amount that the polymer film
shrinks was small and therefore the polymer film was difficult
to get wrinkles. Furthermore, since each of the polymer films
of Examples 33 through 36 still maintained the nature of the
polymer and therefore was not hardened, the polymer film
was difficult to be damaged. Particularly, the polymer films of
Examples 33 and 34, whose upper limits to temperature rise
were 630° C. or less, were difficult to crack.

Further, the higher the maximum temperature during the
film modification step was, the better the evaluation of the
productivity in graphitization was and the more the foaming
was reduced. Particularly in the case where the maximum
temperature was 630° C. or higher, the evaluation of the
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productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

<Decomposition Reaction of Polymer and Weight Loss
Rate>

The following compares Examples 1 through 6 and Com-
parative Example 3, which used APICAL AH having a thick-
ness of 75 pm as a raw material in common but performed the
film modification step so as to give respective different rates
of decrease in weight. The films of Examples 1 through 6,
whose rates of decrease in weight were 38.0% or less, were
difficult to crack in the winding test with the paper core, as
compared with that of Comparative Example 3. This is
because that the decomposition reaction of each of the poly-
mer films of Examples 1 through 6 had not been completed,
and as a result, an amount that the polymer film shrinks was
small and therefore the polymer film was difficult to get
wrinkles. Furthermore, since each of the polymer films of
Examples 1 through 6 still maintained the nature of the poly-
mer and therefore was not hardened, the polymer film was
difficult to be damaged. Particularly, the polymer films of
Examples 1 through 3, whose rates of decrease in weight were
15.0% or less, were difficult to crack.

Further, the higher the weight loss rate was, the better the
evaluation of the productivity in graphitization was and the
more the foaming was reduced. Particularly in the case where
the weight loss rate was 2.8% or more, the evaluation of the
productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

However, in the case the weight loss rate was too high, the
molecular orientation of the polymer film was disordered too
much in the film modification step, which led to the poor
results of the MIT test and the thermal diffusivity measure-
ment. A particularly preferable weight loss rate for the film
modification step is 26.5% or less.

Similar characteristics to the above were observed also in
comparison of Examples 18 through 21 and Comparative
Example 8, which used APICAL NPI having a thickness of 75
um as a raw material in common but had respective different
rates of decrease in weight. The films of Examples 18 through
21, whose rates of decrease in weight were 44.0% or less,
were difficult to crack in the winding test with the paper core,
as compared with that of Comparative Example 8. This is
because that the decomposition reaction of each of the poly-
mer films of Examples 18 through 21 had not been completed,
and as a result, an amount that the polymer film shrinks was
small and therefore the polymer film was difficult to get
wrinkles. Furthermore, since the polymer film still main-
tained the nature of the polymer and therefore was not hard-
ened, the polymer film was difficult to be damaged. Particu-
larly, the polymer films of Examples 18 and 19, whose rates of
decrease in weight were 30.0% or less, were difficult to crack.

Further, the higher the weight loss rate was, the better the
evaluation of the productivity in graphitization was and the
more the foaming was reduced. Particularly in the case where
the weight loss rate was 30% or more, the evaluation of the
productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

Similar characteristics to the above were observed also in
comparison of Examples 33 through 36 and Comparative
Example 13, which used APICAL NPI having a thickness of
125 um as a raw material in common but had respective
different rates of decrease in weight. The films of Examples
33 through 36, whose rates of decrease in weight were 44.0%
or less, were difficult to crack in the winding test with the
paper core, as compared with that of Comparative Example
13. This is because that the decomposition reaction of each of
the polymer films of Examples 33 through 36 had not been
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completed, and as a result, an amount that the polymer film
shrinks was small and therefore the polymer film was difficult
to get wrinkles. Furthermore, since the polymer film still
maintained the nature of the polymer and therefore was not
hardened, the polymer film was difficult to be damaged. Par-
ticularly, the polymer films of Examples 33 and 34, whose
rates of decrease in weight were 30.0% or less, were difficult
to crack.

Further, the higher the weight loss rate was, the better the
evaluation of the productivity in graphitization was and the
more the foaming was reduced. Particularly in the case where
the weight loss rate was 30% or more, the evaluation of the
productivity in graphitization was quite good, and the effects
of the film modification step were achieved adequately.

<Method of Performing Film Modification Step>

The following compares Examples 2, 16, and 17, which
used APICAL AH having a thickness of 75 um as a raw
material in common but performed the film modification step
through respective different methods. The levels of the evalu-
ation of the productivity in graphitization, i.e., the levels of
the effects of the film modification step in descending order
are: Example 2, which performed the film modification step
through the continuous long film producing process;
Example 16, which performed the film modification step
through the continuous process with a container; and
Example 17, which performed the film modification step
through the batch-wise process with a container. This is
because that since Examples 2 and 16 performed the film
modification step through the continuous process, the film
could be taken out from the furnace immediately after the heat
treatment and accordingly the cooling rate could be
increased. Particularly in Example 2, only the film, which has
a small thermal capacity, was taken out from the heating
space, and therefore the cooling rate could be increased and
the effects of the film modification step were achieved out-
standingly. Furthermore, since Example 2 performed the film
modification step through the continuous long film producing
process and therefore could heat-treat the film while applying
a tension to the film itself, the film after the film modification
step got less wrinkles and had less cracks in the winding test
with the paper core, as compared with Examples which per-
formed the film modification step through other processes.

Similar characteristics to the above were observed also in
(1) comparison of Examples 19, 31, and 32, each of which
used APICAL NPI having a thickness of 75 pm as a raw
material and (ii) comparison of Examples 34,37, and 38, each
of which used APICAL NPI having a thickness of 125 um as
a raw material. This shows that the film modification step is
performed preferably through the continuous process, more
preferably through the continuous long film producing pro-
cess.

<Relationship Between Birefringence and Suitable Film
Modification Step>

The following compares (i) Examples 1 through 6 and
Comparative Example 1, each of which used APICAL AH
having a thickness of 75 pm and a birefringence of 0.10 as a
raw material, with (i1) Examples 18 through 21 and Compara-
tive Example 6, each of which used APICAL NPI having a
birefringence of 0.14 as a raw material.

First, comparison in terms of the evaluation of the produc-
tivity in graphitization is made between Comparative
Examples 1 and 6, in each of which a foaming treatment step
(i.e., the film modification step) was not performed. Accord-
ing to the comparison, reducing the heating rate for graphiti-
zation to 0.5° C./min in Comparative Example 1 resulted in
uniform foaming; on the other hand, doing so in Comparative
Example 6 did not result in uniform foaming. This is because
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that, as compared with APICAL NPI, APICAL AH has a
lower birefringence and therefore has poorer molecular ori-
entation originally; thus, APICAL AH is more difficult to be
foamed than APICAL NPI.

Next, comparison is made between Examples 1 through 6
and 18 through 21, in each of which the foaming treatment
step was performed. In the case where APICAL AH was used
as araw material, e.g., in Example 2, the weight loss rate was
2.8% and the productivity in graphitization was evaluated as
A. On the other hand, in the case where APICAL NPI was
used as a raw material, the weight loss rate was 30.0% and the
productivity in graphitization was evaluated as B. This shows
that APICAL AH is more likely to bring about the effects of
the film modification step. This is also because that APICAL
AH has poorer molecular orientation originally, and therefore
the molecular chain thereof can be disordered even by the
foaming treatment step performed at a lower temperature.

In the case where the film modification step was performed
at a high temperature on APICAL AH having a low birefrin-
gence, the evaluations of the MIT test and the thermal diffu-
sivity were poor as in Examples 4 through 6. This is because
that in such the case, the molecular chain of the film was
disordered too much in the film modification step, and thus
the film was made to be difficult to be graphitized.

<Presence or Absence of Carbonization Step and Shape of
Polymer Film During Carbonization Step>

In Example 39, in which the carbonization step was not
performed, the resulting graphite film got some more
wrinkles than in Example 2. However, other than this, the
graphite film of Example 39 had the same quality as that of the
graphite film of Example 2. Thus, the comparison of Example
2 with Example 39 shows that it is possible to produce a
high-quality graphite film even if the carbonization step is not
performed.

In Example 40, in which the carbonization step was per-
formed on the roll-shaped polymer film, the resulting graphite
film had the same quality as that of the graphite film produced
in Example 2, in which the carbonization step was performed
on the polymer film having been cut. This shows that it is
possible to produce a high-quality graphite film regardless of
the shape of the polymer film during the carbonization step.

In Example 41, in which the carbonization step was not
performed and the graphitization step was performed on the
roll-shaped polymer film, the resulting graphite film had the
same quality as that of the graphite film produced in Example
39, in which the graphitization step was performed on the
polymer film having been cut into a sheet-like shape. This
shows that it is possible to produce a high-quality graphite
film regardless of the shape of the polymer film during the
graphitization step.

<Type of Polymer Film>

Comparison of Example 2 with Example 42 shows that,
even in a case where a different type of a polymer film is used,
it is possible to produce a high-quality graphite film by the
method of the present invention for producing a graphite film.

In Example 43, in which POD was used as the polymer
film, the resulting graphite film was excellent in the evalua-
tions of the peeling from surface, the wrinkling, and the MIT
test, although the graphite film had a low thermal diffusivity.
Thus, the method of the present invention for producing a
graphite film is effective also to different types of polymer
films.
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The invention claimed is:

1. A method for producing a graphite film by heat-treating
a polymer film, comprising:

a film modification step for performing heat treatment at a
heating rate of 5° C./min or more in a temperature range
from (i) a lower limit to temperature rise being equal to
or higher than a starting temperature of thermal decom-
position of the polymer film to (ii) an upper limit to
temperature rise being equal to or lower than an inter-
mediate temperature of thermal decomposition of the
polymer film while continuously feeding a long polymer
film into a heat treatment apparatus, the polymer film
having a birefringence of 0.13 or more and the upper
limit to temperature rise being 655° C. or lower;

following the film modification step, performing cooling at
a cooling rate of 10° C./min or more in a temperature
range from (i) the upper limit to temperature rise to (ii) a
temperature being equal to or lower than the starting
temperature of thermal decomposition of the polymer
film; and

thereafter performing heat treatment at a temperature of
2000° C. or higher.

2. The method as set forth in claim 1, wherein the polymer
film has a weight loss rate of 4.0% or more but 42.5% or less
as a result of the film modification step.

3. The method as set forth in claim 1, wherein the film
modification step is performed while the polymer film is
moving through the heat treatment apparatus.

4. A method for producing a graphite film by heat-treating
a polymer film, comprising:

a film modification step for performing heat treatment at a
heating rate of 5° C./min or more in a temperature range
from (i) a lower limit to temperature rise being equal to
or higher than a starting temperature of thermal decom-
position of the polymer film to (ii) an upper limit to
temperature rise being equal to or lower than an inter-
mediate temperature of thermal decomposition of the
polymer film while holding a whole of the polymer film
in a heat treatment apparatus, the polymer film having a
birefringence of 0.13 or more and the upper limit to
temperature rise being 655° C. or lower;

following the film modification step, performing cooling at
a cooling rate of 10° C./min or more in a temperature
range from (i) the upper limit to temperature rise to (ii) a
temperature being equal to or lower than the starting
temperature of thermal decomposition of the polymer
film; and

thereafter performing heat treatment at a temperature of
2000° C. or higher.

5. The method as set forth in claim 4, wherein the film

modification step is a step of heat-treating, through a batch-
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wise process, the polymer film while holding the polymer
film in the heat treatment apparatus.
6. The method as set forth in claim 4, wherein the film
modification step is a step of causing the polymer film held in
a container to pass through a heating device. 5
7. The method as set forth in claim 4, wherein the polymer
film has a weight loss rate of 4.0% or more but 42.5% or less
as a result of the film modification step.
8. The method as set forth in claim 6, wherein the film
modification step is performed while the polymer film is 10
moving through the heat treatment apparatus.
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